Introduction
Tryptase is a 30-35-kDa glycoprotein produced primarily by mast cells and to a much lesser magnitude by basophils [1] . In serum, normal levels of total tryptase (mature and precursor forms of ␣ -and ␤ -tryptases) ( ! 15 ng/ml) and mature tryptase ( ! 1 ng/ml) have been established [1] . Increased serum/plasma concentrations of mature and total tryptase are present in patients with anaphylaxis, and of total tryptase in patients with systemic mastocytosis [1] , a myoproliferative variant of the hypereosinophilic syndrome [1] and a subset of acute myelocytic leukemia [1] . Additionally, an association between increased serum total tryptase levels and decreased renal function has been noted in a preliminary report [2] , and a correlation between elevated serum total tryptase levels and pruritis was reported in hemodialysis patients [3] . The presence of tryptase in the urine of healthy subjects has been reported [4] .
We hypothesize that tryptase is not cleared by the kidneys in healthy subjects nor in those with systemic mastocytosis and idiopathic anaphylaxis.
Methods
In order to evaluate the possibility that tryptase is cleared from the blood by the kidneys into the urine, blood and urine tryptase concentrations were determined in 6 healthy subjects, in 2 subjects with systemic mastocytosis and in 1 subject with idiopathic anaphylaxis after Institutional Review Board approvals and informed consent. Tryptase was measured in a spot urine specimen collected at patients' baseline without anaphylaxis in the latter 3 patients, all of whom had elevated serum tryptase levels. Tryptase was measured in 24-hour urine specimens in healthy subjects with normal baseline serum tryptase levels. Normal serum creatinine determinations in the subjects confirmed that they had normal renal function. Previously described immunoassays were employed to determine the concentrations of mature tryptase and total tryptase in the serum [5] . Because mature tryptase was not detected in serum, only the total tryptase assay was performed on urine samples. The mature tryptase assay measures mature ␣ -and ␤ -tryptases with the B12 capture and biotin-G5 detector monoclonal antibodies (mAbs), while the total tryptase assay measures mature and proforms of ␣ -and ␤ -tryptases with the B12 capture and either biotin-G4 or ␤ -galactosidase-G4 detector mAbs. Assays were performed in duplicate. Urine specimens were assayed neat and after being concentrated 10-fold using a Centricon 10 concentrator (Millipore, Billerica, Mass., USA). Exogenously added tryptase was further analyzed in urine and buffer. Tryptase purified from lung (206 g/ml; mature ␤ -tryptase) was diluted either in HEPES buffer (0.01 M HEPES, pH 7.4, containing 0.5 M NaCl, 25 m M EDTA, 0.1% BSA and 0.05% sodium azide) or urine. A portion of the buffer and urine samples was each concentrated 10-fold in a Microcon-10 concentrator (Millipore). The neat and 10 ! samples were then assayed over the range of 0.01-1 ng per microtiter well for the 1 ! samples, and 0.1-10 ng per microtiter well for the 10 ! samples.
Results
Total (3.3 8 3.1 ng/ml; mean 8 SD) and mature ( ! 1 ng/ml) tryptase concentrations in serum were all within the expected range for healthy persons, whereas total tryptase levels were elevated in those with systemic mastocytosis and idiopathic anaphylaxis ( table 1 ) . Total tryptase levels in neat ( ! 1.0 ng/ml) and 10-fold concentrated specimens of urine were undetectable ( ! 0.2 ng/ml).
The dose-response values for tryptase added to the neat urine and buffer samples varied by less than 20% from one another. Mean values were not significantly different from one another across this dose-response range ( fig. 1 ). When 10 ! urine and buffer samples were analyzed, the urine samples yielded significantly lower tryptase values from 0.1 to 1 ng per well, being anywhere from 17 to 40% lower. However, at tryptase doses greater than 1 ng per well, there were no significant differences between 10 ! buffer and 10 ! urine samples, probably because the dose-response curve had reached a plateau. Thus, concentrating urine by 10-fold increases the sensitivity to detect tryptase by 6-to 8-fold rather than 10-fold.
Discussion
We were unable to detect the presence of tryptase in urine collected from healthy, systemic mastocytosis and idiopathic anaphylaxis subjects with normal renal function. The sensitivity of our method is 0.2 ng/ml, after 10-fold concentration of the urine, and detects both mature and proforms of ␣ -and ␤ -tryptases with comparable sensitivities [5] . Also, the current study did not examine urine from interstitial cystitis subjects, for whom tryptase might diffuse into the bladder lumen after being released by activated mast cells in the bladder wall nor from subjects with significant proteinuria, for whom impaired glomerular filtration may allow tryptase to pass into the urine. In contrast, Boucher et al. [4] reported tryptase concentrations of 1.4 8 0.7 ng/ml in spot urine samples and 0.9 8 0.7 ng/ml in 24-hour urine specimens from healthy controls. The immunoassay used in the Boucher study is no longer available, but included G5 anti-mature tryptase mAb for capture and 125 I-labeled G4 anti-tryptase mAb for detection (Tryptase RIACT; Kabi-Pharmacia, Piscataway, N.J., USA). This immunoassay detects primarily mature tryptase with a sensitivity of 0.5 ng/ml. The source of the putative mature tryptase in the urine of healthy subjects in that study remains uncertain.
Degradation pathways for tryptase, particularly in the extracellular environment, are not known. Degradation products of tryptase might not be detected if the 2 epitopes being recognized in the ELISA are on separate fragments. On the other hand, a fragment that contained both epitopes would likely be detected. We have no data as to whether tryptase degradation fragments are produced in the circulation and cleared through the glomeruli. The possibility of tryptase degradation in the urine by bacteria was unlikely because tryptase was measured in spot urine collection specimens in the patients with elevated baseline serum tryptase levels. These specimens were kept frozen until analysis, thereby minimizing the likelihood of bacterial contamination which otherwise might have degraded the tryptase molecule. A possible weakness of our study is that although tryptase added to urine was shown to be detectable, we did not rule out the possibility that the integrity of the tryptase molecule might be impaired by passage through the kidney, thereby making it undetectable with the ELISA employed.
Thus, our data indicate that tryptase is not cleared from the blood into the urine in healthy subjects and in those with elevated serum tryptase levels due to underlying systemic mastocytosis or idiopathic anaphylaxis. Consequently, decreased urinary elimination of tryptase is not a likely mechanism responsible for increased serum tryptase levels in anuric persons with end-stage kidney disease [2, 3] . However, it remains possible that the kidneys influence tryptase levels in the plasma by another mechanism. For example, perhaps renal insufficiency is associated with a decreased clearance of stem cell factor [2, 6] . Stem cell factor is important in mast cell differentiation and survival [7] , and administration of stem cell factor to human subjects causes mast cell hyperplasia and elevated levels of serum tryptase [8] . Additional work is needed to fully understand the mechanism(s) by which tryptase levels in the circulation are modulated. 
